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DETERMINATION OF AMMONIA AND NITRATE IN SOIL
BY J. M. BREMNER AND K. SHAW
Rothamsted Experimental Station, Harpenden, Herts
(With Three Text-figures)
Two types of methods have been employed for the
determination of ammonia in soil. In one, the
ammonia is removed by distilling or aerating the
soil with alkali; in the other, the ammonia is
extracted by some suitable reagent and determi-
ned by boiling the extract with magnesium oxide.
Methods involving direct distillation of the soil with
alkali are no longer employed, as numerous workers
have shown that some of the ammonia liberated
from soil in this way comes from the decomposition
of organic nitrogen compounds. Aeration tech-
niques (e.g. Potter & Snyder, 1915; Mathews, 1920)
have proved very tedious, and most workers have
preferred methods involving preliminary extraction
of the ammonia from the soil. The complete extrac-
tion of ammonia from soil presents some difficulty,
but it can generally be achieved by the methods
described by Bengtsson (1924) and McLean &
Robinson (1924), in which the soil is leached with
strong potassium or sodium chloride solution. How-
ever, these methods are unsatisfactory for heavy
clay soils, and it is generally accepted that the most
reliable and efficient method is that due to Olsen
(1929) in which the soil is extracted with N-potas-
sium chloride solution containing sufficient hydro-
chloric acid to give the suspension a pH value of
about 1-0.
The complete extraction of nitrate from soil has
not been found to present any difficulty, and the
method adopted depends upon whether a reduction
or colorimetric procedure is to be used for the deter-
mination of nitrate. A reduction method is generally
preferred when both ammonia and nitrate analyses
are being performed, as the nitrate can be con-
veniently determined by adding Devarda's alloy to
the Olsen extract after removal of the ammonia by
distillation with magnesium oxide and continuing
the distillation (Olsen, 1929). Several colorimetric
methods for the determination of nitrate in soil have
been proposed, but the method generally employed
is that using phenoldisulphonic acid. This method is
not applicable to extracts obtained by Olsen's
method and is generally used when only nitrate
analyses are required, the extraction being per-
formed with water to which some type of flocculating
agent has been added in order to obtain a clear
colourless extract (Harper, 1924; Roller & McKaig,
1939). The phenoldisulphonic acid method has pre-
sented numerous difficulties because it is inapplic-
able to coloured extracts and is subject to inter-
ference by chloride. Chlorides can be removed from
the extract by precipitation with silver sulphate,
but no flocculating agent yet tested has produced
clear colourless extracts with all soils. The use of
absorbents such as charcoal and oxidizing agents
such as hydrogen peroxide has been proposed for the
decolorization of extracts, but several workers
(e.g. Sowden & Atkinson, 1949) have shown that
these decolorizing procedures can lead to loss of
nitrate by absorption or formation of nitrate by
oxidation of nitrogenous substances in the extract.
Richardson (1938) found that it was sometimes
advantageous to extract with N-potassium sulphate
and sulphuric acid instead of N-potassium chloride
and hydrochloric acid as in Olsen's method, because
the extract was less liable to froth during the distil-
lation with magnesium oxide. We found that another
advantage of this modification is that commercially
purified potassium sulphate contains much less
ammonia than the potassium chloride normally
supplied. These advantages led us to adopt this
modification of Olsen's method of extraction, and
using this technique we found that ammonia and
nitrate added to various soils could be recovered
quantitatively by the distillation and reduction
techniques described by Olsen (1929). Further work
using the phenoldisulphonic acid method of deter-
mining nitrate described by Roller & McKaig (1939)
showed that with most soils this procedure gave
results that were in close agreement with those
obtained by Olsen's reduction method. Several soils
giving strongly coloured extracts to which the
phenoldisulphonic acid method was inapplicable
were encountered, but the nitrate in such soils could
be determined by Olsen's reduction method, and
although these methods were tedious they were
adequate for our purposes until we found it neces-
sary to determine the amounts of ammonia and
nitrate formed by the decomposition of various
nitrogenous materials when added to soil. Some of
these materials, e.g. glutamine and glucosamine,
were found to be extensively decomposed to am-
monia when boiled with magnesium oxide. Others,
e.g. straw composts and lignin derivatives, gave
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extracts that could not be decolorized by any of the
procedures recommended for the removal of colour
from soil extracts before determination of nitrate by
the phenoldisulphonic acid method. It was clear
therefore that none of the methods available for the
determination of ammonia and nitrate in soil
extracts was suitable for the work we planned, and
that what we required were methods applicable to
coloured extracts and not subject to serious inter-
ference by labile nitrogenous compounds. The possi-
bilities of methods involving distillation at low
temperature in vacua were considered, but it was
decided that such methods would not be suitable for
the rapid analysis of a large number of samples and
that methods similar to those described by Conway
(1947), in which both the reduction of nitrate and
the distillation of ammonia are carried out at room
temperature in small microdiffusion units, would be
the most satisfactory. The development of such
methods is described below.
EXPERIMENTAL
1. EXPERIMENTS USING STANDARD (NO. 1)
CONWAY MICRODIFFUSION UNITS
As the concentration of ammonia and nitrate in soil
extracts is generally very low, it was estimated
that at least 1-2 ml. of extract would be required for
satisfactory analysis by microdiffusion techniques.
All the preliminary work was therefore carried out
using the largest commercially available micro-
diffusion unit, i.e. the standard (no. 1) unit designed
by Conway (1947).
Ammonia^. In the methods described by
Conway (1947) for the determination of ammonia
using the no. 1 unit, saturated potassium carbonate
is added to an aliquot of the ammonia-containing
solution in the outer chamber of the unit, and the
ammonia liberated is absorbed by acid in the central
chamber and determined by a titrimetric or colori-
metric method. This procedure was not applicable
to K2SO4-H2SO4 extracts of soil because the acidic
extracts reacted with the potassium carbonate.
Moreover, tests showed that glucosamine was sig-
nificantly decomposed to ammonia under the condi-
tions of this microdiffusion method, and it seemed
likely that other labile nitrogenous compounds would
interfere. Conway (1947) recommends that 40%
KOH or saturated potassium metaborate be used
instead of potassium carbonate if the ammonia-
containing solution is strongly acidic, but tests
showed that these strongly alkaline reagents also
caused marked decomposition of glucosamine at
room temperature. The suitability of various milder
alkaline reagents was therefore investigated, and it
was found that quantitative recovery of ammonia
could be obtained by distilling with magnesium
oxide for 18 hr. into 2 ml. of 0-02N-H2SO4 and
Nesslerizing the distillate. Further tests showed
that glucosamine was not decomposed under these
conditions, and that of numerous other labile
nitrogen compounds tested only glutamine was
significantly decomposed, 2 % of its nitrogen being
recovered as ammonia (see Bremner & Shaw, 1954).
These findings led to the adoption of this technique
for the determination of ammonia in soil extracts.
The results obtained were generally satisfactory al-
though erratic results were sometimes encountered,
especially when more than 2 ml. of the soil extract
was taken for analysis. Apart from this, the only
objection to the method was that the determination
of the distilled ammonia by Nesslerization demanded
very careful removal of the contents of the central
chamber, accurate standardization of the colori-
meter tubes, and frequent recalibration of the
photoelectric colorimeter. A modified method in
which the ammonia was absorbed in 1 % boric acid
containing indicator and determined by direct
titration (Conway, 1947) proved much more con-
venient and gave slightly more consistent results,
probably because it was not subject to errors due to
transference. It was suspected when using the
Nesslerization technique that the erratic results
obtained with more than 2 ml. of extract were due to
' creeping' of the contents of the outer chamber over
the low wall separating the two compartments. The
results obtained with more than 2 ml. of extract
using boric acid for absorption of the ammonia
proved that such ' creeping' did in fact occur, and in
subsequent work with the no. 1 units not more than
2 ml. of extract were taken for analysis.
Nitrate-N. Conway (1947) has described a micro-
diffusion method for the determination of nitrate in
which 0-5 ml. of the nitrate solution is treated with
0-1—0-2 g. of powdered Devarda's alloy and 1 ml. of
a mixture of saturated K2CO3 and 40 % KOH in the
outer chamber of a no. 1 microdiffusion unit, and
the ammonia formed by reduction is absorbed by
acid in the inner chamber and determined by titra-
tion. This method did not meet our requirements,
as we wished to avoid the use of strongly alkaline
reagents that decomposed labile nitrogenous com-
pounds such as glucosamine. Moreover, tests showed
that the method was inapplicable to K2SO4—H2SO4
extracts of soil because the acid in the extracts
reacted with the potassium carbonate and the re-
duction was so vigorous that the acid in the inner
chamber of the unit was contaminated by spray
from the outer compartment. The vigour of the
reaction was reduced when magnesium oxide was
used instead of the K2CO3-KOH mixture, but the
inner chamber was again contaminated by spray.
The suitability of other reducing agents was there-
fore investigated. The results of this investigation
will be reported elsewhere, and it is sufficient to say
here that of all the reducing agents tested only
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titanous hydroxide showed any promise of being
useful for our purposes. The use of titanous hydroxide
for the reduction of nitrate has been described by
Knecht (1903) and Pyne (1927). Pyne found that
complete recovery of nitrate as ammonia was ob-
tained by reduction with titanous hydroxide in
weakly alkaline medium followed by distillation in
vacuo at 40° C. with lime, and he used this method
for the determination of nitrates in plant materials.
We found that titanous hydroxide reduced nitrate
quantitatively to ammonia at room temperature in
the presence of magnesium oxide, and that both the
reduction and the subsequent distillation of the
ammonia could be carried out in a Con way no. 1
microdiffusion unit. Indeed, the only modification
of the microdiffusion method for the determination
of ammonia found to be required for the determi-
nation of nitrate was the addition of 1 ml. of titanous
sulphate solution to the extract in the outer chamber
immediately before addition of the magnesium oxide
suspension. When the (ammonium + nitrate) -N pre-
sent in K2SO4-H2SO4 extracts of various soils was
determined by this procedure and the nitrate-N
obtained by subtracting the ammonia-N liberated
by distillation with magnesium oxide in the absence
of titanous sulphate the results were found to agree
well with those obtained using the phenoldisulphonic
acid method of determining nitrates described by
Roller & McKaig (1939). It was noted, however,
that recovery of nitrate as ammonia by this micro-
diffusion method was only about 94 % if the contents
of the outer chamber of the unit were not mixed at
intervals during distillation to prevent the formation
of an immobile gel of titanium and magnesium
hydroxides. This process of mixing sometimes led
to contamination of the central chamber when 2 ml.
of K2SO4-H2SO4 extract were taken for analysis and
almost invariably led to contamination when more
than 2 ml. of extract was used. This difficulty could
not be avoided by using a smaller amount of titanous
sulphate or the same amount in a smaller volume of
solution as low recoveries were then obtained.
The fact that not more than 2 ml. of extract could
be safely analysed for ammonia or nitrate by the
microdiffusion methods developed limited the ac-
curacy and scope of the methods. An attempt was
therefore made to improve the methods by the use
of microdiffusion units with a larger outer chamber
and a higher dividing wall between the two
compartments.
2. EXPERIMENTS USING MODIFIED
MICRODRFFUSION UNITS
The dimensions of the units finally adopted are
given in Fig. 1. The units were made to our specifi-
cations from sheet Perspex by Crystal Ware
(Luton) Ltd., the rims of the outer walls being
given a ground surface. The lids were made from
sheets of the same plastic, their dimensions being
80 x 80 x 6 mm.
As the microdiffusion methods were to be applied
to solutions obtained by extracting soils with
N-K2SO4 containing sufficient sulphuric acid to
bring the pH of the extract to 1-0-1-5, all the pre-
liminary tests with these modified units were carried
out with standard solutions prepared by dissolving
Analar ammonium sulphate or Analar potassium
nitrate in N-K2SO4 made 0-2N with respect to
sulphuric acid. For convenience this K2SO4-H2SO4
mixture will be referred to below as control reagent.
Plan
- 7 7 m m . -
* 71 mm.—
- 37mm.—
-31mm.H
•
10mm.
7*77-,
Vertical section on line A-B
Fig. 1. Plan and section of modified
microdiffusion unit.
Ammonia-N. As it was expected that a longer
period of distillation would be required to obtain
complete recovery of ammonia using these larger
units, the first tests with the units were made using
2 ml. samples of a standard solution of ammonium
sulphate in control reagent containing 100 ^g. of
ammonia-N/2 ml. and a distillation period of 24 hr.
at room temperature. The ammonia liberated by
distillation with magnesium oxide was absorbed in
2 ml. of 1 % boric acid containing indicator and
determined by titration with 0-005N-H2SO4. The
recoveries by this method varied between 97 and
98 %. Better recoveries were obtained when 1 ml.
of 2 % boric acid was used as absorbent, but the end-
point was then not so delicate as that obtained using
1 % boric acid. This difficulty was eliminated by
diluting the 2 % boric acid with 1 ml. of distilled
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water immediately before titrating with 0-005 N-
H2SO4. Excellent results were obtained using this
procedure when the laboratory temperature was
above 23° C, but slightly low recoveries were ob-
tained at lower temperatures. This difficulty was
eliminated by placing the units in an incubator at
25° C, and no further modification of the technique
was found to be required when 2 ml. of solution were
taken for analysis. It was expected, however, that
longer periods of distillation would be required to
obtain complete recovery of ammonia from larger
solutions containing more than 100 ng. of am-
monia-N/2 ml. after suitable dilution, it was never-
theless of interest to know the error involved if the
sample taken for analysis contained more than
100 fig. of ammonia-N. A series of analyses was
therefore carried out with 2 ml. samples of solutions
of ammonium sulphate in control reagent con-
taining 125,150,200 and 300 /*g. of ammonia-N/2 ml.
The results are given in Table 1. It can be seen that
recovery decreased with increase in the amount of
ammonia and increased with increase in time of
100
90
80
70
• 60
50
40
30
20
10
j
L
It
IIIIII
if
/
/
'/
X/
/
AL-cr-i .—•—J
12 16 20 24 28
Period of distillation (hr.).
32 36 40
Fig. 2. Recovery of 100 jig. of ammonia-N from 2 ml. (O), 4 ml. (•) and 6 ml. ( x ) of control reagent after
various periods of distillation with magnesium oxide at 25° C. in modified microdiffusion unit.
volumes of solution, and a series of experiments was
carried out to determine the times of distillation at
25° C. required for complete recovery of 100 ixg. of
ammonia-N from different volumes of control
reagent. The results are presented graphically in
Fig. 2. It can be seen that the times of distillation
required for complete recovery of 100 ng. of am-
monia-N from 2, 4 and 6 ml. of control reagent were
24, 30 and 40 hr., respectively.
Although the method was found to deal accurately
with amounts of ammonia-N up to 100 jig. and
could therefore be employed for the analysis of
distillation, the lowest recovery (92-5 %) being ob-
tained after distillation of 300 ;ug. of ammonia-N for
24 hr.
Nitrate-'N. The procedure first employed for the
determination of nitrate using the modified units
differed from that finally adopted for the determi-
nation of ammonia only in that 1 ml. of titanous
sulphate solution was added to the outer chamber of
the unit immediately before addition of the mag-
nesium oxide suspension. The recoveries obtained
by this procedure were generally satisfactory, but it
was found that some of the nitrate analyses were
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vitiated because, during the removal of the lid from
the unit, a bubble formed by the strongly alkaline
fixative burst inwards causing contamination of the
contents of the central compartment. This difficulty
was completely eliminated by using a lid having a
Table 1. Recoveries of different amounts of ammonia-N
from 2 ml. of control reagent by distillation with
magnesium oxide at 25° C. for various periods of
time in modified microdiffusion units
Recovery (%)
Ammonia-N
VgO
100
125
150
200
300
Period of distillation (hr.)
24
99-8
99-0
94-8
94-5
92-5
48
100-1
99-8
98-2
96-7
95-0
72
99-9
99-9
98-6
97-8
96-2
small central hole (5 mm. diameter) fitted with a
rubber stopper and removing the stopper before
attempting to slide the lid from the unit. Although
this modification of the lid is not required for
ammonia determinations we have found it con-
venient to have all our lids modified in this way so
that they can be used for both ammonia and nitrate
determinations.
The results obtained in experiments to determine
the times required for complete recovery of 100 fig.
of nitrate-N from different volumes of control re-
agent are presented graphically in Fig. 3.
On the basis of the results reported in this section
and of considerable experience with the modified
units the following procedures are recommended for
the determination of ammonia and nitrate in soil.
Recommended procedures for determination of
ammonia and nitrate in soil using modified micro-
diffusion units
Reagents required:
{a) N - K 2 S O 4 .
(6) N-K2SO4 made 2N with respect to sulphuric
acid.
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Fig 3. Recovery of 100 jig. of nitrate-N as ammonia-N from 2 ml. (O), 4 ml. (•) and 6 ml. ( x ) of control reagent
after various periods of distillation with titanous sulphate and magnesium oxide at 25° C. in modified
microdiffusion unit.
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(c) 2 % (w/v) boric acid containing 20 ml./l. of
Con way & O'Malley's (1942) indicator. The reagent
is prepared by dissolving 20 g. of Analar boric acid
in a mixture of 200 ml. of absolute alcohol and
700 ml. of distilled water. To this solution are added
20 ml. of mixed indicator prepared by dissolving
0-033 g. of bromocresol green and 0-066 g. of methyl
red in 100 ml. of absolute alcohol. After mixing, the
solution is brought to a faint pink colour by cautious
addition of 0-05N-NaOH and then diluted to 11.
with distilled water.
(d) Standard 0-005N-H2SO4.
(e) An approx. 12 % (w/v) freshly prepared sus-
pension of light magnesium oxide.
(/) Gum arabic fixative prepared as described by
Con way (1947).
(g) Titanous sulphate solution. The technical
15 % (w/v) titanous sulphate solution containing
23% (w/v) H2SO4 supplied by the British Drug
Houses Ltd., and Hopkin and Williams Ltd., is
satisfactory. Immediately before use 15 ml. of this
stock solution are diluted to 50 ml. with distilled
water. Most batches of technical titanous sulphate
solution contain appreciable amounts of ammonia
and control analyses are essential when this reagent
is used.
Procedure
Extraction of ammonia and nitrate. The sample
(10-50 g.) is placed in a 500 ml. bottle and treated
with N-K2SO4 solution containing sufficient sul-
phuric acid to bring the pH of the extract to 1-0-1-5.
The volume of K2SO4-H2SO4 mixture used for
extraction depends upon the type of soil being
analysed. For most soils 2 ml. of extractant per g.
of soil is satisfactory, but a larger volume is required
if the soil is high in organic matter, e.g. peats
generally require 4-5 ml. of extractant per g. of soil.
The amount of acid required to bring the pH of the
extract to 1-0-1-5 is determined by shaking samples
of the soil with the appropriate volume of solutions
prepared by mixing N-K2SO4 with varying amounts
of the 2N-H2SO4:N-K2SO4 mixture, filtering, and
determining the pH of the extract with thymol blue.
The 2N-H2SO4 is made up in N-K2SO4 to ensure that
the solution used for extraction is N with respect to
K2SO4. After the addition of the extractant the
bottle is stoppered with a rubber bung, shaken for
2 hr. on a mechanical shaker, and the suspension
filtered through afluted Whatmanno. 32 filter-paper.
If the extract cannot be analysed immediately it may
be stored in a refrigerator at 5° C. for at least 7 days
without change in its ammonia or nitrate content.
Analysis of the extract for ammonia-'N. An aliquot
of the extract containing up to 100 ^g. of ammonia-N
is pipetted into the outer chamber of a microdif-
fusion unit. A suitable aliquot is generally 4 ml.,
and it has never been found necessary to use an
aliquot greater than 6 ml. After the introduction of
the sample, 1 ml. of the 2 % boric acid solution con-
taining mixed indicator is pipetted into the central
chamber of the unit and the gum fixative applied to
the rim of the unit by means of a small brush.
Approximately 3 ml. of the freshly prepared suspen-
sion of magnesium oxide is then added cautiously
to the outer chamber using a pipette with the fine tip
removed and the unit immediately sealed firmly with
a lid fitted with a rubber stopper. The contents of
the outer chamber are then mixed thoroughly by a
gentle circular movement of the unit on the bench,
and the unit is transferred to an incubator at 25° C.
After the period necessary for complete distillation
of the ammonia (see Fig. 2) the unit is taken from
the incubator, the rubber stopper in the lid removed,
and the lid slid gently from the unit. One ml. of
distilled water is then added to the central chamber
and the ammonia absorbed by the boric acid is
determined by titration with 0-005 N-H2SO4.
Nitrate-^ is determined by subtraction of
ammonia-N from (ammonia + nitrate) -N determined
by the method described below.
Analysis of extract for (ammonia + nitrate) -N. The
procedure for determination of (ammonia + nitrate) -
N is identical to that described for ammonia-N
except that 1 ml. of the diluted titanous sulphate
solution is pipetted into the outer chamber of the
unit immediately before addition of the magnesium
oxide suspension and that the contents of the outer
chamber of the unit are mixed at intervals during the
distillation to prevent the formation of an immobile
gel of titanium and magnesium hydroxides. The
periods of distillation required for complete recovery
of nitrate as ammonia from different volumes of
extract are given in Fig. 3.
It ia recommended that each set of determina-
tions should include several control analyses of the
reagents and two analyses of standard solutions
of ammonium sulphate and potassium nitrate in
control reagent.
A 2 ml. Bang microburette has proved very con-
venient for the titrations with 0-005 N-H2SO4.
During titration the contents of the inner chamber
can be stirred conveniently by means of a thin glass
rod.
The units can be cleaned efficiently after use by a
simple procedure in which the unit and lid are rinsed
with cold water using a small soft paint brush to
remove any material adhering to the corners of the
unit and then washed thoroughly with distilled
water, shaken to remove water droplets and left to
dry. Originally we included a rinse with dilute acid
in this procedure, but experience showed that this
was unnecessary. The units, being made from
Perspex, are not subject to loss through breakage as
are units made from glass and they have shown no
signs of deterioration with constant use.
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Experiments using recommended procedures
Recovery tests
The suitability of the methods for different types
of soil was tested using the eight soils described in
Table 2. The recoveries by the microdiffusion
methods of ammonia and nitrate added to K2SO4-
H2SO4 extracts of these soils, and the recoveries
by the recommended procedures of ammonia and
nitrate added to the soils themselves are given in
Tables 3 and 4, respectively. It can be seen that
ammonia and nitrate added to the soils or their
extracts were recovered satisfactorily by the
methods proposed.
position of glutamine and to some decomposition
of compounds stable under the conditions of the
earlier method. The behaviour of the labile nitro-
genous compounds previously tested was therefore
investigated under the conditions finally adopted for
the determination of ammonia using the modified
units. The results showed that only glutamine,
asparagine and glucosamine were decomposed when
distilled with magnesium oxide at 25° C. for 24 hr.
The decomposition of asparagine and glucosamine
was insignificant, less than 1 % of their nitrogen
being recovered as ammonia. The decomposition of
glutamine (3-6%) was greater than in the earlier
method (2-0%).
Table 2. Description of soils used for recovery tests
N o .
1
2
3
4
5
6
7
8
Soil
Fine sandy loam*
Medium sandy loam*
Sandy loamf
Clay loam*
Old garden
Greenhouse
Low-moor peatf
Mountain peatf
p H
6-1
6-3
4-0
7-7
6-9
7-1
6-3
4-0
Percentage
moisture-free
on
basis
N CaCO3
0-10
0-17
0-21
0-23
0-43
0-46
2-82
2-07
0
0
0
2-39
1-29
1-60
0
0
P.p.m. on
moisture-free basis
' NH.-N
11
10
8
8
16
19
27
84
NOj-N
7
4
7
15
11
201
2
8
* Arable soil.
t Soil under permanent pasture.
Table 3. Recoveries by microdiffusion methods of
ammonia and nitrate added to extracts of different
soils
Ammonia and nitrate contents of 2 ml. samples of
extracts were determined before and after addition of
50 ftg. °f nitrogen as ammonium sulphate and 50 /xg. of
nitrogen as potassium nitrate.
Recovery of added-N (%)
Soil no. Ammonia-N Nitrate-N
99-4
100-2
99-4
100-2
99-9
100-5
100-1
98-6
99-2
99-4
99-8
99-8
99-6
99-7
99-4
Tests for interfering substances
Labile organic nitrogen compounds. Although tests
with numerous labile nitrogenous compounds
showed that only glutamine was significantly de-
composed to ammonia under the conditions we
employed for the determination of ammonia using
Conway no. 1 mierodiffusion units (see Bremner &
Shaw, 1954), it seemed possible that the longer time
of distillation and slightly higher temperature
required for complete recovery of ammonia using
the modified units might lead to increased decom-
Table 4. Recoveries by recommended procedures of
ammonia and nitrate added to different soils
Ammonia-N, as ammonium sulphate, and nitrate-N,
as potassium nitrate, were added at the rate of 100 p.p.m.
of oven-dried soil.
Recovery of added-N (%)
1 no.
1
2
3
4
5
6
7
8
Ammonia-N
101-6
98-2
100-2
98-1
101-4
99-4
100-1
101-4
Nitrate-N
100-0
98-5
99-8
101-4
99-4
100-6
101-8
101-7
Nitrite. Nitrites are seldom present in soils in
more than trace amounts, and it is generally as-
sumed therefore that they do not interfere seriously
with the determination of nitrate by reduction or
colorimetric methods. However, reports that ap-
preciable quantities of nitrites do occur in certain
soils led us to consider how our methods for the
determination of ammonia and nitrate would be
affected by the presence of significant amounts of
nitrite. The fact that nitrites are unstable in acid
solution suggested that any nitrite present in soil
would be largely decomposed during the extraction
of the ammonia and nitrate with the mixture of
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potassium sulphate and sulphuric acid, and analyses
of nitrite solutions before and after shaking with
control reagent confirmed this, the recoveries of
nitrite being less than 5 %. This was no guarantee
that nitrite did not interfere with our methods, as
there remained the possibilities that during extrac-
tion of nitrite-rich soils some of the nitrite might be
oxidized to nitrate or some of the ammonia lost by
decomposition of ammonium nitrite. To test these
possibilities we added equal amounts (50 p.p.m.) of
nitrogen in the form of ammonium sulphate, potas-
sium nitrate and sodium nitrite to soil no. 1 (Table 2),
extracted as described in the recommended pro-
cedure and determined ammonia and nitrate in the
extract by the microdiffusion methods and nitrite by
the colorimetric method described by Shinn (1941).
The recoveries of nitrogen added in the different
forms were: nitrite-N, 5-4%; ammonia-N, 99-5%;
nitrate-N, 141-5 %. In another experiment in which
only nitrite-N was added to the soil, 5-5% of the
added nitrogen was recovered as nitrite and 41-2 %
as nitrate. These results showed that although
nitrite did not disturb the determination of am-
monia in soil by the recommended procedure it did
interfere with the method for the determination of
nitrate. Although we have never encountered soils
containing nitrites in amounts sufficient to disturb
the determination of nitrate by the recommended
method we have developed a modified method for
use with such soils. The modification consists of the
addition of sulphamic acid to the K2SO4-H2SO4
mixture used for extraction (0-2 g. of sulphamic
acid/100 ml. of extractant). The sulphamic acid
eliminates interference due to nitrite by decom-
posing it rapidly and quantitatively according to
the following equation:
NH2SO3H + H N 0 2 2 + H2SO4 + H2O.
Using this modified method of extraction the re-
coveries of nitrogen added as ammonium sulphate,
potassium nitrate and sodium nitrite to soil no. 1
(5 mg. of each form of N/lOOg. of soil) were:
ammonia-N, 99-8%; nitrate-N, 98-6%; nitrite-N,
0%.
Chloride. The effect of chloride on the methods
was studied by determining the recoveries of am-
monia and nitrate from solutions prepared by dis-
solving ammonium sulphate and potassium nitrate
in N-KC1. The results showed that the methods were
not subject to interference by chloride.
Phosphate. Pucher, Vickery & Leavenworth
(1935) found that the distillation of ammonia with
magnesium oxide from solutions containing phos-
phate was far from complete, and concluded that
this was probably due to partial precipitation of the
ammonia as magnesium ammonium phosphate.
Since K2SO4-H2SO4 extracts of soil always contain
some phosphate we carried out a series of analyses to
test the effect of phosphate on the microdiffusion
methods of determining ammonia and nitrate. The
results showed that quantitative recovery of 100 /*g.
of ammonia-N or nitrate-N was obtained even in the
presence of 10 mg. of phosphorus as potassium
dihydrogen phosphate.
Ferrous iron. In the course of this work it was
found that nitrate was reduced to ammonia at room
temperature in the presence of ferrous sulphate
and magnesium oxide. Both K2SO4-H2SO4 and
KC1-HC1 extracts of soil contain appreciable
amounts of iron, but tests showed that the concen-
tration of ferrous iron in such extracts was too low
to cause reduction of nitrate when the extracts were
treated with magnesium oxide (Bremner & Shaw,
1955).
Glucose and ascorbic acid. Varner, Bulen, Vanecko
& Burrell (1953) recently found that glucose inter-
fered with a reduction method for the determination
of nitrate in plant materials, and Jones & Underdown
(1953) found in a study of colorimetric methods for
the same purpose that the phenoldisulphonic acid
method was subject to slight interference by ascorbic
acid. Although glucose and ascorbic acid are hardly
likely to occur in soil in amounts sufficient to disturb
the determination of nitrate, we considered that it
would be useful to know if the microdiffusion method
of determining nitrate was affected by these sub-
stances and carried out a series of analyses to test
for interference. The results showed that the re-
covery of 100 /xg. of nitrate-N by the microdiffusion
method was not affected by the presence of as much
as 20 mg. of glucose or ascorbic acid.
DISCUSSION
The methods described in this paper have been in
constant use in our laboratory for over two years and
have proved entirely satisfactory. They are not
affected by any of the substances found to interfere
with previous methods of determining ammonia and
nitrate in soil and have the advantages that they
require only a small volume of soil extract and permit
the rapid analysis of a large number of samples. The
use of a reduction method instead of a colorimetric
procedure for the determination of nitrate avoids all
the difficulties associated with the removal of colour
and chlorides from soil extracts and eliminates the
necessity of extracting the soil with two different
reagents when both ammonia and nitrate determi-
nations are required. The fact that the reduction of
nitrate is carried out in a mildly alkaline medium
and not in acid solution eliminates any danger of loss
of nitrate through reaction of amino-compounds
with the nitrite presumably formed as an inter-
mediate during the reduction.
Richardson (1938) found that it was necessary to
use freshly ignited magnesium oxide for the distil-
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lation of ammonia when using Olsen's methods of
determining ammonia and nitrate in soil extracts in
order to avoid an error in the titration of the distil-
late due to carbon dioxide liberated from magnesium
carbonate. We have confirmed this observation but
have found that it is unnecessary to ignite the
magnesium oxide used in the determination of
ammonia and nitrate by the microdiffusion methods.
This is a considerable advantage, especially when a
large number of analyses are to be performed.
The accuracy of the microdiffusion methods can
be judged from the results obtained by analysis of
2 ml. samples of standard solutions of ammonium
sulphate and potassium nitrate in control reagent
containing 100 fig. of ammonia-N or nitrate-N/2 ml.
The recoveries in twelve analyses of the ammonia
solution varied between 99-2 and 100-4 %, the mean
recovery being 99-8%. The recoveries in twelve
analyses of the nitrate solution varied between 99-5
and 100-7 %, the mean recovery being 99-9 %.
Although the methods described in this paper
were developed for the determination of ammonia
and nitrate in soil there would appear to be no serious
objection to their use for the determination of
ammonia and nitrate in plant materials. The only
apparent objection is that the methods are subject
to slight interference by glutamine, which is known
to occur in plant extracts. However, the fact that
the methods are applicable to coloured extracts and
are not subject to interference by chloride, glucose
and ascorbic acid would seem to more than compen-
sate for this disadvantage, as numerous difficulties
have been encountered in the removal of colour and
chlorides from plant extracts prior to the determi-
nation of nitrate by the colorimetric procedures
generally employed (see Johnson & UMch, 1950;
Jones & Underdown, 1953). We have not investi-
gated the suitability of the microdiffusion methods
for the determination of ammonia and nitrate in
plant materials but have carried out a few analyses
to determine the recoveries by these methods of
ammonia and nitrate added to extracts of plant
materials. The materials (wheat and barley grain,
wheat straw, cauliflower and kale leaves) were
extracted with 0-1 N-H2SO4 , and the ammonia and
nitrate contents of samples of the extracts deter-
mined before and after the addition of ammonia as
ammonium sulphate or nitrate as potassium nitrate.
The recoveries of added ammonia and nitrate by the
microdiffusion methods were 99-7-101-1 and 98-1-
99-8 %, respectively.
SUMMARY
1. Methods for the determination of ammonia
and nitrate in soil are described. The ammonia and
nitrate are extracted at pH 1-0—1-5 with a mixture
of potassium sulphate and sulphuric acid, and the
ammonia is determined by distillation with mag-
nesium oxide at 25° C. in a modified Conway micro-
diffusion unit. Ammonia plus nitrate is determined
on a separate sample of the same extract by reduc-
tion of the nitrate to ammonia with titanous
hydroxide and subsequent distillation with mag-
nesium oxide, both the reduction and distillation
being carried out in a modified microdiffusion unit
at 25° C.
2. The methods are applicable to coloured
extracts and are not affected by substances found
to interfere with other methods of determining
ammonia and nitrate.
3. I t is suggested that the methods may also
prove useful for the determination of ammonia and
nitrate in plant materials.
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